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Indian  Standard 

SPECIFICATION  FOR 
PAPER-COVERED  ALUMINIUM  CONDUCTORS 

PART  I  ROUND  CONDUCTORS 
0.     FOREWORD 

0.1  This  Indian  Standard  (  Part  I )  was  adopted  by  the  Indian  Standards 
Institution  on  14  June  1971,  after  the  draft  finalized  by  the  Winding  Wires 
Sectional  Committee  had  been  approved  by  the  Elcctrotechnical  Division 
Council. 

0,2  This  standard  has  been  formulated  in  view  of  the  increasing  use  of 
aluminium  as  electrical  conductor  for  windings  of  electrical  machines, 
such  as  transformers. 

0.3  In  the  preparation  of  this  standard,  assistance  has  been  derived  from 
the  following  publications: 

lEC  Publication  111  (  1959  )  Recommendations  for  the  resistivity  of 
commercial  hard-drawn  aluminium  electrical  conductor  wire. 
International  Elcctrotechnical  Commission. 

I  EC  Publication  121  (1960)  Recommendations  for  commercial 
annealed  aluminium  electrical  conductor  wire.  International 
Elcctrotechnical  Commission. 

BS  2627  :   1961  Specification  for  wrought  aluminium   for  electrical 

gurposcs  wire  (  other  than  that  used  for  overhead  conductors), 
ritish  Standards  Institution. 

0.4  For  the  purpose  of  deciding  whether  a  particular  requirement  of  this 
standard  is  complied  with,  the  final  value,  observed  or  calculated,  express- 
ing the  result  of  a  test,  shall  be  rounded  off  in  accordance  with  IS  :  2-1960*. 
The  number  of  significant  places  retained  in  the  rounded  off  value  should 
be  the  same  as  that  of  the  specified  value  in  this  standard. 


1.  SCOPE 

1.1  General  —This  standard  (  Part  I )  gives  requirements  and  tests  for 
round  aluminium  conductors,  covered  with  two  or  more  layers  of  paper, 
primarily  intended  for  transformer  windings. 

^Rulcf  for  rounding  off  numerical  valuei  ( rtoi$$d). 
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1.2  Siaes  —  The  requirements  of  this  standard  are  applicable  to  conduc- 
tors having  diameters  0*500  to  5*000  mm,  both  inclusive. 

1.3  Grades  off  Covering  —  Three  grades  of  covering  are  specified: 

a)  Double  paper  covering,  Ordinary  (O) ; 

b)  Double  paper  covering,  Fine  (F);  and 

c)  Multiple  paper  covering.  Special  (S). 

2.  TERMINOLOGY 

2*0  For  the  purpose  of  this  standard,  the  following  definitions  shall  apply, 

2.1  Wire  —  The  insulated  maitcrial  as  received. 

2.2  Condactor  —  The  bare  metal  after  removal  of  the  paper  covering. 

2.3  Increase  in  Diameter  Dae  to  Covering — The  difference  between 
the  diameter  over  the  paper  covering  and  the  diameter  of  the  conductor. 

2.4  Tolerance  — The  permissible  divergence  of  an  actual  magnitude  from 
that  prescribed. 

2.5  Overlap  Wound  —  Paper  tape  wound  with  each  turn  overlapping 
the  preceding  turn  by  not  less  than  25  percent  of  the  paper  width. 

3.  GENERAL  TEST  CONDITIONS 

3.1  Unless  otherwise  specified,  all  tests  shall  be  carried  out  within  a 
temi>erature  range  of  15  to  35*^0,  and  at  a  relative  humidity  range  of  45 
to  75  percent.  Before  measurements  are  made,  the  specimens  shall  be 
preconditioned  under  these  atmospheric  conditions  for  a  time  sufficient  to 
allow  specimens  to  reach  stability. 

3.2  The  wire  to  be  tested  shall  be  removed  from  the  packaging  in  such  a 
way  that  the  wire  will  not  be  subjected  to  tension  or  unnecessary  bends. 

3.3  Before  each  test  sufficient  wire  shall  be  discarded  to  ensure  that  any 
damaged  wire  is  not  included  in  the  test  specimens. 

3.4  When  no  specific  range  of  sizes  is  given  for  a  test,  the  test  is  applicable 
to  all  sizes. 

4.  CONDUCTOR 

4.1  Material  —  The  conductor  shall  be  manufactured  from  EC  grade 
aluminium   ingots  conforming  to  any  of  the   two  grades    specified    in 
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IS  :  4026-1969*,  and  shall  be  in  one  of  the  following  conditions: 
Annealed  O 

Three-quarter  hard  HSf 

Hard  H4t 

4.1.1  Physical  Constants  for  Aluminium 

4.1 .1.1  Resistance  —  The  resistance  at  20**C  of  an  aluminium  conductor 
1  m  in  length  and  of  a  uniform  cross-sectional  area  1  mm*  shall  be  taken 
as  follows: 

Condition  Resistivity 

ohm*mm*/m 
O  0028  0 

H3  0028  264 

H4  0028  264 

4.1.1.2  Density  —  The  density  at  20^C  shall  be  taken  as  2-703  g/cm«. 

4.1 .1 .3  Coefficient  of  linear  expansion  —  The  coefficient  of  linear  expansion 
at  20**C  shall  be  taken  as  23  X  10-*  per  deg  Celsius. 

4.1.1.4  *  Constant  mass  '  temperature  coefficient  of  resistance  —  The  constant 
mass  temperature  coefficient  of  resistance  at  20®C  measured  between  two 
potential  points  rigidly  fixed  to  the  conductor,  shall  be  taken  as  0*004  per 
deg  Celsius. 

Note  —  For    any    temperature  to    above    0*C,    the    temperature    coefficient    of 

4.2  Diameter 

4.2.1  The  diameters  and  tolerance  on  conductor  diameters  shall  be  as 
given  in  Table  1 . 

NoTB  —  The  conductor!  shall  be  checked  for  diameter  and/or  resistance  in  the 
following  manner: 

Diamitif  Mtasurtnunt 

mm 

Up  to  and  including  1  '000  By  resistance  and  diameter 

Over  1*000  Only  by  diameter 

4.3  Resistance  —  ( see  Note  under  4.2.1 ) 

4.3.1  The  resistance  of  the  conductors  at  20**C  shall  be  as  given  in 
Table  I. 

*  Specification  for  aluminium  ingots  (  EG  grade )  {first  revision), 

tNew  designations  H3  and  H4  for  the  old  designations  3/4H  and  H  retpectively  ( sm 
IS :  5052«1969  Temper  designations  of  aluminium  and  its  alloys  ). 
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4.3.1.1  The  resistance  of  the  conductor  shall  be  expressed  as  the  do 
resistance  at  20**C.  The  method  used  shall  provid<^  an  accuracy  of 
0-5  percent. 

One  measurement  shall  be  made. 

If  the  resistance  /?<  is  measured  at  a  temperature  /  other  than  20*^0, 
the  resistance  /?,o  at  20^*0,  shall  be  calculated  by  means  of  the  formula: 

o Ri 

^a«  -  1  4-0-004(^-^20) 

where 

/  is  the  actual  temperature  in  °C  during  the  measurement. 

43*2  Tolerance  on  Resistance  —  The  maximum  and  minimum  permissible 
values  of  resistance  shall  be  as  given  in  Table  1  and  are  calculated  by  the 
method  described  in  Appendix  A. 

4.4  Tensile  Strength  and  Elongation  —  A  sample  of  conductor  250  mm 
long  between  grips  shall  be  steadily  stretched  at  a  rate  not  more  than 
100  mm/min  until  the  conductor  fractures.  T^ie  tensile  strength  and 
elongation  at  fracture  shall  comply  with  the  requirements  of  Table  2. 

Note  —  It. is  recognized  that  0*2  percent  proof  stress  values  of  aluminium   arc  of 
importance.     These  values  are  under  consideration  and  will  be  included  later. 

4.5  Wrapping  Test  —  The  conductor  shall  be  wrapped  round  a  conduc- 
tor of  its  own  diameter  to  form  a  close  helix  of  8  turns;  6  turns  shall  then 
be  unwrapped  and  again  closely  rewrapped  in  the  same  direction  as  the 
first  wrappmg.     The  conductor  shall  not  crack. 

4.6  Joints  —  Unless  otherwise  agreed  to  between  the  purchaser  and  the 
supplier,  all  joints  in  the  conductor  shall  be  welded  and  subsequently  cold 
worked.  Where  unworked  joints  are  permitted  by  agreement,  the  type  of 
joint  and  the  marking  shall  be  as  agreed. 

4.7  Freedom  from  Defects  —  The  conductor  shall  be  finished  clean 
and  smooth  and  shall  be  substantially  free  from  slivers,  spills,  dust,  cracks 
and  other  defects. 

5.  PAPER 

5.1  Grade  of  Paper  —  The  papbr,  before  application,  shall  be  free  from 
metallic  and  other  injurious  inclusions,  shall  have  no  deleterious  eflfect 
on  insulating  oil  and  shall  be  of  such  quality  that  it  will  satisfy  the  require- 
ments of  5.2  to  5.8. 

5.2  Thickness  —  The  thickness  of  the  paper  used  shall  preferably  be 
between  the  limits  of  0*025  and  0-075  mm,  both  inclusive. 
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TABLE  2    TENSILE  STRENGTH  AND  ELONGATION 

(  Clause  4.4  ) 

Condition 

Nominal  Conductor 

Tensile  Strength 

Elongation, 

Diameter 

JL 

Min 

Min 

Max 

Percent 

Over              Up  to  and 

including 

(1) 

(2)                      (3) 

(4) 

(5) 

(6) 

mm                     mm 

•MN/m* 

♦MN/m» 

O 

—                    5000 

69 

100 

15 

H3 

5-000 

125 

166 

— ' 

H4 

1-300                   1-500 

192 

— 

— 

1-500                   1-800 

187 

— 

— 

1-800                  2-000 

182 

— 

— 

2  0Q0                  2-300 

178 

— 

— 

2-300                  2-500 

174 

— 

— 

2-500                  2-800 

170 

— 

-J.(x«4.5) 

2-800                  3000 

167 

— 

3000                  3-300 

164 

— 



3-300                  3-600 

162 

— 



3-600                 3-800 

161 

— 



3-800                  4-100 

160 

— 



4100                  5-000 

159 

— 

• 

Note  —  It  is  to  be  noted  that  the  tensile  strength  values  for  conductor  diameter  over 
3  mm  for  H4  condition  arc  overlapping  with  those  of  H3.  When  discriminatory 
values  are  evolved,  the  same  will  be  included. 

♦Mcganewton. 

5.2.1  The  measurement  of  thickness  shall  be  done  in  accordance  with  7 
of  IS:  1060  (  Part  I  ).1966*. 

5.3  Tensile  Strength  —  The  tensile  strength  of  the  paper,  when  deter- 
mined in  accordance  with  12.3  of  IS :  1060  (  Part  I  ).1966*,  shall  be  not 
less  than  55  fMN/m^  in  the  longitudinal  direction  and  20  tMN/m*  in  the 
transverse  direction. 

5.4  Ageing  (  Bursting  Strength)  Test — The  bursting  strength  of  the 
paper  shall  be  determined  as  described  in  Appendix  B  before  and  after  the 
heat  ageing  treatment  described  in  the  same  appendix.  The  decrease  in 
the  bursting  strength  of  the  paper  due  to  the  heat  treatment  shall  not 
exceed  20  percent. 

515  pH  Value  of  Water  Extract  —  The  ^H  value  of  water  extract  of  the 
paper  when  determined  by  the  method  described  in  Appendix  K 
of  IS  :  1576-1967$  shall  be  not  less  than  6-5  and  not  more  than  8*0. 

*Method  of  sampling  and  test  for  paper  and  allied  producti,  Part  I  (  rtviud ). 

fMeganewton. 

^Specification  for  lolid  preitboard  for  electrical  purpofct. 
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5.6  Conductivity  of  Water  Extract  —  The  conductivity  of  the  water 
extract  of  the  paper,  when  determined  as  described  in  Appendix  D,  shall 
be  not  greater  than  22  microsiemens  per  centimetre. 

5.7  Oil  Absorption  —  The  height  to  which  the  oil  shall  rise  in  either  the 
longitudinal  or  the  transverse  direction  of  paper,  when  it  is  tested  as 
described  in  Appendix  E  shall  be  between  the  appropriate  limits  given  in 
Table  3. 


TABLES    OIL  ABSORPTION 

NoioNAL  Thigknbss  Hbioht  of  Rise  ow  Oil 

or  Paper 

(1)  (2) 

mm  mm 

0075  35  to  65 

0065  30  „  60 

0050  25  „  55 

0038  20  „  50 

0025  15  „  45 

5.8  Ageing  in  Oil  —  The  tensile  strength  of  the  paper  when  determined 
in  accordance  with  12^  of  IS :  1060  (  Part  I )- 1966*,  before  and  after 
keeping  the  specimens  in  insulating  oil,  as  described  in  5.8J,  shall  indicate 
the  measure  for  ageing.  The  difference  between  the  two  values  shall 
be  not  more  than  25  percent  of  the  first  value. 

5.8.1  From  the  test  piece,  twelve  test  strips  250  x  15  mm  shall  be  taken 
in  the  longitudinal  direction  and  twelve  in  the  transverse  direction.  They 
shall  be  stored  in  insulating  oil  at  105**C  for  7  days. 

6.  APPUCATION  OF  PAPER 

6.1  Cveneral  —  To  prevent  the  inclusion  of  aluminium  dust  qr  other 
extraneous  matter  under  the  paper  covering,  the  conductor  shall  be  fully 
cleaned  by  felt  pads  or  other  suitable  means  immediately  befofc  entering 
the  paper  covering  machine.  Each  layer  of  paper  shall  be  continuous, 
firmly  applied  and  substantially  free  from  creases.  No  bonding  or  adhesive 
material  shall  be  used  except  to  anchor  the  ends  of  paper.  Any  such 
bonding  or  adhesive  material  shall  have  no  deleterious  eflfcct  on  trans- 
former oil,  insulating  paper  or  the  electric  strength  of  the  covering.  Where 
more  than  two  layers  of  covering  arc  used,  the  outermost  layer  shall  be  the 
thickest. 

^Method  of  sampling  and  test  for  paper  and  allied  producti,  Part  I  ( tmiud). 
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6*2  Width  of  Paper  —  Unless  otherwise  agreed  to  between  the  manu- 
facturer and  the  purchaser,  the  width  of  the  paper  used  for  lapping  shall 
not  exceed  three  times  the  diameter  of  the  conductor  with  a  maximum  of 
12  mm  and  a  minimum  of  3  mm. 

S3  Arrangement  of  Layers  —  According  to  the  number  of  layers  used, 
the  paper  shall  be  applied  as  follows: 

a )   Two  Layers  —  When  there  arc  two  layers,  both  of  them  shall  be 
overlap  wound  in  the  opposite  directions. 

b  )  More  than  Two  Layers  —  All  the  layers  shall  be  overlap  wound  in 
the  same  direction. 

Note  —  Layer  arrangemcnu  differing  from  those  specified  in  this  clause  may  be 
adopted  by  agreement  between  the  manufacturer  and  the  purchaser  provided  that 
the  insulated  conductor  meets  all  the  other  requirements  of  this  standard. 

7.     OVERALL  DIAMETER  AND  INCREASE  IN  DIAMETER 

7.1  Double  Paper  Covering,  Ordinary  fO  )  and  Fine  (  F  )  —  The  maxi- 
mum overall  diameter  and  the  minimum  increase  in  diameter  due  to  covering 
shall  be  in  accordance  with  Table  1. 

7.2  Multiple  Paper  Covering,  Special  (  S  )  —  The  overall  diameter  of  the 
covered  wire  shall  be  as  agreed  to  between  the  manufacturer  and  the  pur- 
chaser; however,  the  increase  in  diameter  due  to  covering  shall  not 
exceed  that  specified  nor  shall  it  be  less  than  that  specified  by  more  than 
the  appropriate  tolerances  given  in  Table  4. 


TABLE  4    TOLERANCaS  ON  SPECIAL  COVERING 

Increase  in  Diameter 

Dim  TO  COVERINO 

Tolerance,  Peroent 

(1) 

(2) 

mm 

0*25  to  0*50,  inclusive 

Over  0*5  up  to  and  including  1*3 

Over  1-3 

10 
7-5 
5 

13  Measuring  Equipment  —  I'hc  measurement  shall  be  made  with  an 
accuracy  better  than  0-002  nun.  If  a  micrometer  is  used  it  shall  be  ensured 
that  the  measuring  force  is  in  the  range  of  0*75  to  1*25  N.  The  spindle 
and  the  anvil  of  the  micrometer  shall  have  a  diameter  of  5  to  8  mm. 

Alternatively  a  force  of  1  to  3  N  may  be  used. 

11 
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7.4  Measuring  Method 

7A.I  Overall  Diameter  of  the  Wire  —  Approximately  1*5  m  length  of  the 
wire  from  the  reel  shall  be  discarded  and  the  diameter  shall  be  determined 
over  the  paper  covering.  Three  measurements  at  60**  angular  displacement 
shall  be  made  around  the  circumference  of  the  wire  at  each  of  two  places 
1  m  apart. 

The  average  of  the  six  results  shall  be  reported  as  *  overall  diameter  '. 

7.4.2  Conductor  Diameter  —  The  paper  covering  shall  be  removed  at  two 
places  1  m  apart. 

Three   measurments   at   SC   angular   displacement    shall   be   made 
around  the  circumference  of  the  conductor  at  these  places. 

The  average  of  the  six  results  for  the  bare  diameter  shall  be  reported 
as  *  conductor  diameter*. 

7.4.3  Increase  in  Diameter —  The  difference  between  the  overall  dia- 
meter and  the  conductor  diameter  is  the  increaise  in  diameter  due  to  the 
covering. 

8.  PACKING  AND  MARKING 

8;1  The  wire  shall  be  tightly  and  evenly  wound  on  reels  (  see  IS :  482- 
1968*  )  in  such  a  direction  that  when  unrolled,  the  exposed  edge  of  the 
overlap  of  the  outer  layer  of  the  paper  is  towards  the  drum. 

8»1.1  The  label  which  is  to  be  securely  attached  to  the  reel,  shall  have 
the  following  information: 

a  )  Manufacturer's  name  or  trade-mark, 

b  )  Grade  of  covering, 

c  )  Nominal  conductor  diameter, 

d  )  Weight  of  wire,  and 

e )  Number  of  lengths,  if  there  is  more  than  one  length  of  wire  in 
one  reel. 

8.1.2  When  more  than  one  length  of  wire  is  wound  on  the  same  reel 
the  different  lengths  shall  not  be  anchored  with  each  other,  but  strips  of 
paper  having  colour  distinctly  different  from  that  of  the  paper  covered 
conductor  shall  be  placed  between  two  adjacent  lengths  to  mark  the  start 
of  the  next  length. 


♦Specification  for  rccli  for  covered,  round  electrical  winding  wires  ( ueond  nvision ). 
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TOP  LAYER 
CLAMPING  NUTS 


5  SCREWED  ROD 


BOTTOM    LAYER 
CLAMPING  NUTS 


VARIES  WITH  WIRE 
DIAMETER 


All  dimensions  in  millinDctres. 

Fio.  1     Typical  Specimen  for  Electric  Strength  (  Proof  )  Test 


TABLE  5    TEST  VOLTAGE  FOR  ELECTRIC  STRENGTH  (PROOF)  TEST 

{ClausiSA  ) 


Specified  Minimum  Increase 

IN  Diambtek  Due  to  the 

Covering 

(1) 

mm 
0150 
0175 
0200 
0-225 
0-250 
0-300 


Test  Voltage  for  Double 

Paper  Covering,  Ordinary  (  O  ) 

AND  Fine  (  F ) 

(2) 

kV  (  rms ) 

5-5 

6-5 

80 

8-5 

9-0 

110 


Non  —  The  test  voltages  for  multiple  paper  covering,  special  ( S )  shall  be  at  agreed 
to  between  the  manufacturer  and  the  purchaser. 


1^ 
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8.2  The  label  may  also  be  marked  with  the  Standard  Mark. 

The  use  of  the  Standard  Mark  is  governed  by  the  provision  of  Bureau  of 
Indian  Standard  Act,  1986  and  the  Rules  and  Regulations  made  thereunder.  The 
details  of  conditions  under  which  the  licence  for  the  use  of  Standard  Mark  may 
be  granted  to  manufacturers  or  producers  may  be  obtained  from  the  Bureau  of 
Indian  Standards. 

9.  SAMPLING 

9.1  A  recommendatory  sampling  plan  and  criteria  for  acceptance  of  lot 
arc  given  in  Appendix  F. 

9.2  Acceptance  Tests  —  The  following  tests  shall  constitute  acceptance 
tests: 

a)  Conductor  diameter  (  see  4,2  ) , 

b)  Arrangement  of  layers  (  see  6.3  ), 

c)  Overall  diameter  [see  7  ),  and 

d)  Increase  in  diameter  {sec  1  ), 


APPENDIX    A 

{Clause  A3.2) 

METHOD  OF  CALCULATION  OF  LINEAR  RESISTANCE 

A-1.  LIMITS  OF  ELECTRICAL  RESISTANCE 

A-1.1  The  limits  of  electrical  resistance  arc  calculated  on  the  following 

basis. 

A-1.1  J  The  maximum  and  minimum  values  of  resistance  for  conductors 
of  diameter  up  to  and  including  1000  mm  arc  calculated  from  the 
maximum  and  minimum  values  of  resistivity  by  taking  into  account  for 
each  diameter  the  relevant  dimensional  tolerance. 

The  linear  resistance  is  calculated  from: 

Rh40M  «=  pA/«r  •  r^hfim  (  O/m  ) 
RMin  »■  9Mm  •  qT^Mm  (  O/m  ) 

where  ^a/m  ^nd  f a#u,  arc  respectively  the  maximum  and  minimum 
conductor  cross-section  in  millimetre  square  calculated  by  taking  into 
account  the  relevant  dimensional  tolerance  for  the  diameter. 
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A«l.l*2  The  rnaximum  and  minimum  values  of  resistivity  of  aluminium 
arc  given  below: 

Condition  Resistivity 

, ^ , 

ohm-nmi*/m  ohm-mm'/ni 

O  0028  2  0027  8 

H3  or  H4  0028  506  0-028  027 

APPENDIX    B 

{Clause  5.4) 

DETERMINATION  OF  AGEING  BY  BURSTING 
STRENGTH  TEST 

B.I.  GENERAL 

B-1.1  The  bursting  strength  of  the  paper  before  and  after  the  heat 
treatment  is  determined  on  samples  cut  from  the  same  sheet. 

B-1.2  Not  fewer  than  15  portions  of  paper,  each  of  sufficient  size  to 
provide  a  pair  of  test  specimens,  are  taken  at  random  from  the  bulk. 
Each  portion  is  halved  so  as  to  provide  two  sets  of  specimens,  one  of  which 
is  tested  after  conditioning  only  and  the  other  after  completion  of  the 
heat-ageing  treatment  described  in  B-2«l  and  subsequent  conditioning. 

B-1.3  The  specimens  to  be  conditioned  only  are  subjected  to  the  treat^nent 
specified  in  Appendix  C  and  the  bursting  strength  is  determined  in  the 
controlled  atmosphere  or  as  soon  as  possible  after  removal  from  it  and  in 
any  case  within  3  minutes  of  removal. 

B.2.  CONDITIONING 

B*2«l  The  specimens  to  be  subjected  to  heat-ageing  treatment  are  heated 
by  suspending  in  a  suitable  oven,  care  being  taken  to  prevent  direct 
radiation  from  the  heater  (ailing  on  the  specimens.  The  specimens  are  so 
suspended  that  there  is  at  least  a  space  of  25  mm  between  the  adjacent 
specimens,  and  not  less  than  50  mm  between  them  and  the  sides,  top  and 
bottom  of  the  inner  casing  (or  baffles ).  The  specimens  shall  be  heated 
at  a  temperature  of  150  ±  3**C  for  24  hours  and  then  subjected  to  the 
controlled  atmosphere  described  in  Appendix  C  for  18  to  24  hours.  The 
bursting  strength  is  determined  in  the  controlled  atmosphere  or  as  soon 
as  possible  after  removal  fit>m  it  and  in  any  case  within  three  minutes  of 
removal. 
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B-3.  DETERMINATION  OF  BURSTING  STRENGTH 

B-3»l  Method  —  The  method  consists  of  measuring  the  pressure  required 
to  burst  a  disk  of  paper  which  is  gripped  firmly  round  its  periphery,  and 
to  one  side  of  which  pressure  is  applied  at  a  uniform  rate,  using  liquid 
as  a  medium,  a  flexible  impervious  membrane  being  interposed  between 
paper  and  medium. 

B-3.2  Appmratns  —  The  method  is  based  on  the  use  of  machines  of  the 
MuUen   type,  in  which   the  specimen   of  paper  is  clamped  firmly  and 

evenly  between  two  ring  clamps  so  as  to  encircle  a  disk  of  305  db  001  mm 
diameter. 

The  flexible  membrane  (usually  made  of  soft  rubber)  is  sited 
immediately  beneath  the  paper  and  is  sufficiently  thin  and  flexible  not  to 
affect  materially  the  bursting  pressure.  The  pressure  gauge,  calibrated  to 
indicate  N/m*  and  fractions  thereof  has  an  accuracy  of  ±1  percent. 
The  calibration  range  of  the  gauge  is  such  that  the  test  readings  fall 
between  1 5  and  85  percent  of  the  scale. 

8*3.3  Testing  of  Spedmens 

B-3.3.1  The  specimen  is  inserted  between  the  clamps  of  the  machine, 
which  are  then  carefully  tightened  so  as  to  grip  the  paper  firmly,  and  the 
gauge  pointer  is  adjusted  to  zero. 

The  pressure  is  applied  smoothly  by  operation  of  the  control  mecha- 
nism at  the  rate  specified  for  the  machine. 

When  the  specimen  bursts,  the  pressure  control  handle  is  returned 
to  its  original  position,  the  clamps  are  released  and  the  indicated  bursting 
pressure  in  kilogram  per  square  centimetre  is  recorded. 

B-3.3.2  Ten  tests  are  made  on  each  set  of  specimens,  five  with  one  side 
of  the  paper  uppermost  and  five  with  the  other  side  uppermost.  If  in  any 
set  of  10  tests  one  result  differs  by  more  than  20  percent  from  the  arith- 
metic mean  of  the  ten,  it  is  recorded,  but  not  used  ti  calculate  the 
bursting  strength. 

B-3.3.2.1  If  the  diflfering  results  are  more  than  one,  four  further  speci- 
mens of  that  set  are  tested  ( two  with  one  face  uppermost  and  two  with  the 
other ).  The  arithmetic  mean  of  the  10  results  or,  if  one  has  been  discard- 
ed, of  the  9  remaining  results;  or  if  14  specimens  have  been  tested,  of  the 
12  results,  showing  least  divergence  from  the  mean,  arc  deemed  to  be  the 
bursting  strength  of  that  set  of  specimens. 

Nan  —  SUppioy  of  teit  ipeciineiis  ia  the  clampt,  because  ofiasuffideot  or  unevea 
profure  between  them,  can  he  reeofpuzed  by  the  appearance  of  creaiei  in  the  btntt 
tpedmea.    Any  fuch  test  ii  diffegarded. 
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B-3.4  Reporting  of  Results  —  The  results  arc  reported  as  follows: 

a)  The  bursting  strength  in  N/m*    before     and    after    heat-ageing 
treatment,  and 

b)  The  results  of  any  tests  which  because  of  excessive  variation  were 
not  included  in  the  final  calculation  of  bursting  strength. 


APPENDIX    C 

{  Clauses  BA. 3  and  B'2.l) 

CONDITIONING  OF  PAPER  SPECIMENS  FOR  TEST 
&1.  CONDITIONING 

C-1.1  Single  sheets  of  paper  shall  be  conditioned  in  a  controlled  atmos- 
phere for  18  to  24  hours.  The  controlled  atmosphere  shall  have  a  relative 
humidity  of  65  ±  2  percent  and  a  temperature  of  27  db  2**C.  Every 
specimen  shall  be  tested  in  the  controlled  atmosphere  or  as  soon  as 
possible  after  removal  from  it  and  in  any  case  within  three  minutes. 

C-1.2  Where  a  test  room  having  a  controlled  atmosphere  is  not  available, 
a  relative  humidity  of  65  db  2  percent  may  be  obtained  conveniently  in 
an  enclosed  chamber  in  which  a  saturated  solution  of  a  mixture  of 
sodidm  chloride  (  NaCl )  and  sodium  nitrate  (  NaNOj  )  is  exposed  to  the 
atmosphere  in  the  chamber  at  the  required  temperature  of  27  ±  2**C. 
The  saturated  solution  shall  be  prepared  by  boiling  in  water  a  mixture  of 
one  part  by  weight  of  sodium  chloride  and  two  and  a  quarter  parts  by 
weight  of  sodium  nitrate.  The  solution  shall  be  then  cooled  and  more  of 
the  solid  mixture  is  added  than  can  be  taken  into  solution. 

0-1*3  The  saturated  solution  should  be  exposed  so  that  the  maximum 
surface  is  in  contact  with  the  ^ir  in  the  chamber,  for  example,  by  covering 
the  floor  of  the  chamber  with  a  tray  containing  the  saturated  solution. 
There  should  be  an  excess  of  solid  salt  in  the  liquid  to  ensure  that  the 
solution  remains  saturated.  It  is  important  that  the  solid  should  remain 
covered  by  the  ^lution  and  that  the  surface  of  the  liquid  should  be  free 
from  any  crust  or  film  of  grease,  dirt,  etc. 

C-1.4  To  ensure  uniform  conditions  throughout  the  chamber,  a  fan  should 
circulate  air  over  the  surface  of  the  saturated  solution  and  around  the 
specimens.  Care  should  be  taken  to  allow  free  access  of  the  conditioning 
atmosphere  to  all  the  specimens. 
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APPENDIX    D 

(  Clause  5.6  ) 

DETERMINATION  OF  CONDUCTIVITY  OF  WATER  EXTRACT 

D.1,  APPARATUS 

D-1.1  The  apparatus  for  measurement  of  conductivity  shall  comprise  a 
suitable  conductivity  cell  in  conjunction  with  a  bridge  circuit  supplied 
with  current  ai  a  frequency  of  500  to  3  000  Hz. 

D.2.  PREPARATION  OF  EXTRACT 

D«2.1  The  distilled  water  used  throughout  this  test  shall  have  a  conduc- 
tivity not  greater  than  2  microsicmens  per  centimetre.  A  blank  test  shall  be 
carried  out  before  each  extraction  and  if  the  resultant  conductivity  exceeds 
2  microsiemens  per  centimetre  the  test  shall  be  repeated  with  the  same  . 
extraction  vessel.  If  the  second  result  also  exceeds  2  microsiemens  per 
centimetre  the  vessel  shall  be  discarded. 

D-2.2  To  prepare  the  extract,  cut  the  paper  into  strips  about  20  x  3  mm 
and  put  a  weight  of  paper  in  the  ratio  ot  1  g  of  the  strips  to  100  ml  of 
distilled  water,  into  a  250-ml  round -bottomed  borosilicate  glass  (  high 
grade  resistance  glass )  or  quartz  flask  fitted  with  a  reflux  condenser  of 
either  the  same  quality  glass  or  quartz.  The  apparatus  shall  have  inter- 
changeable conical  ground  glass  joints.  Boil  the  water  gently  for 
10  minutes,  care  being  taken  not  to  char  the  paper. 

D-3.  METHOD  OF  MEASUREMENT 

D-3.1  Determine  the  cell  constant  JT,  if  not  known,  by  means  of  a  solution 
of  known  conductivity,  prepared  by  dissolving;  0*074  6  g  of  dry  potassium 
chloride  in  distilled  water  and  diluting  the  sofution  to  I  000  ml  at  a  tempe- 
rature of  27  db  ra  Thoroughly  rinse  out  the  cell  with  the  solution  and 
fill.  The  temperature  shall  be  adjusted  to  27  ±  rc  and  maintained 
at  that  value  for  15  minutes  before  as  well  as  during  the  measurement  of 
resistance* 

D.3.2  Carry  out  the  test  of  water  extract  as  described  above,  as  soon  as 
practicable  after  the*  preparation  of  the  extract. 

D.4.  CALCULATION 

IM.l  Thc^cell  constant  JT  »  /{  x  ( 147-4  +  C ) 
Conductivity  of  water  extract  in        jr 
micromhos  per  centimetre        »  -^ C. 

18 


IS:6162(PmrtI).1971 

where 

R  =  measured  resistance  of  potassium   chloride  solution   in 

megohms, 
C  =  conductivity  ofdistilled  water  in  micromhos  per  centimetre, 
/?j  =  measured  resistance  of  the  water  extract  in  megohms,  and 
C,  =  conductivity  of  the  blank  in  micromhos  per  centimetre. 

Note  —  For  most  purposes,  where  it  b  not  convenient  to  test  the  water  extract 
at  27  *i  1*C,  it  is  suflficiently  accurate  to  apply  the  follovving  correction: 

Conductivity  at  27*»C  -  -^—^^^^^^ 

where  X  is  the  conductivity  obtadned  when  measurement  is  made  at  I'C  above  or  below 
27*'C;  0-02  t  being  added  when  measurement  is  made  above  27*C  and  lubtrarted  when 
made  below  27»C. 


APPENDIX    E 

(  Clause  5.7 ) 
DETERMINATION  OF  OIL  ABSORPTION 

E-1.  GENERAL 

E-1.1  The  absorption  of  oil  by  the  paper  is  determined  in  the  machine 
{  lonj^itudinal )  direction,  and  in  the  cross  ( transverse )  direction. 

E-2.  PREPARATION  OF  SAMPLES 

E-2.1  The  oil  absorption  test  is  carried  out  on  6  strips  of  paper  200  mm 
long  and  50  mm  wide  of  which  3  strips  are  cut  in  the  machine  direction  and 
3  in  the  cross  direction  of  the  paper.  The  strips  are  cut  in  pairs,  one  paic 
from  each  edge  and  one  pair  from  the  centre  of  the  roll  or  sheet.  A  hne 
b  marked  across  each  specimen  exactly  12*5  mm  from  the  lower  end. 

E-3.  METHODS  OF  TEST 

EJ.l  All  the  specimens  are  pinned  vertically  to  the  suspension  bar,  which 
is  fixed  above  a  suitable  tank  as  shown  in  Fig.  2,  so  that  the  top  end  of 
each  specimen  »  level  with  the  top  of  the  bar.  Small  lead  clips  are  attached 
to  the  lower  ends  of  the  specimens  to  serve  at  weights. 
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All  dimensions  in  miilimetrcs. 

a  400  X  75  X  45 

^200x50 

€  400  X  20  X  20 

d  50X6-5X  1-5 

#  13  Afin,  spacing 

/  180 

i  20 


Fxo.  2    Appa&atos  for  Oil  Absorption  Test 


E-3.2  The  apparatus  with  the  specimens  attached  is  placed  in  an  oven 
with  a  quantity  of  insulating  oil  complying  with  relevant  Indian  Standard 
in  a  separate  vessel.  The  temperature  of  the  oven  is  between  95** C  and 
100**C.  The  apparatus  and  oil  are  allowed  to  remain  in  the  oven  for  not 
less  than  one  hour  and  sufficient  oil  is  then  transferred  carefully  to  the  tank 
by  means  of  a  funnel  so  that  the  surface  of  the  oil  is  coincident  with  the 
lines  marked  on  the  specimens.  The  apparatus  is  maintained  at  a  tempe- 
rature between  95**C  and  lOO'^C  for  2  hours.  The  height  to  which  the  oil 
rises  in  each  specimen  after  2  hours  is  noted. 

APPENDIX    F 

( Clause  10.1 ) 

SAMPLING  OF  PAPER-COVERED  ROUND  ALUMINIUM 
CONDUCTORS 

F.l.  SCALE  OF  SAMPLING 

F.1.1  Lot  —  In  a  consignment,  all  the  drums  of  p^pcr  covered  round 
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aluminium  conductors  of  the  same  grade  and  size  manufactured  Irom  the 
same  material  in  the  same  factory  under  similar  conditions  of  production 
shall  be  grouped  together  to  constitute  a  lot. 

F-1.2  The  nimiber  of  drums  to  be  selected  from  each  lot  shall  depend 
upon  the  size  of  the  lot  and  shall  be  in  accordance  with  col  1  and  2  of 
Table  6. 

TABLE  6    SAMPLE  SIZE  AND  ACCEPTANCE  NUMBER 

(  Clauses  Ft-1.2  and  T -2 A  ) 

Sample  Sizb  Acceptance  Numbeb 

(2)  (3) 

8  0 

13  0 

20  I 

32  2 

50  3 

F-'1.2.1  These  drums  shall  be  selected  from  the  lot  at  random.  In 
order  to  ensure  the  randomness  of  selection,  procedure  given  in  IS  :  4905- 
1968*  may  be  followed. 

F-2.  NUMBER  OF  TESTS  AND  CRITERIA  FOR  CONFORMITY 

P-2.1  From  each  of  the  drums  selected  at  random  according  to  col  1  and 
2  of  Table  6,  suitable  lengths  of  test  samples  shall  be  taken  after  discar- 
ding approximately  1*5  metre  of  the  wire.  The  number  of  tests  to  be 
carried  out  for  each  of  the  acceptance  tests  shall  be  in  accordance  with 
col  1  and  2  of  Table  6.  For  this  purpose  suitable  number  of  test  samples 
shall  be  take^i  from  each  of  the  selected  drums  and  subjected  to  the  tests. 
A  sample  failing  to  satisfy  any  of  the  acceptance  tests  shall  be  considered 
as  defective.  The  lot  shall  be  considered  as  conforming  to  the  require- 
ments of  acceptance  tests  if  the  number  of  defectives  found  in  the  sample 
is  less  than  or  equal  to  the  corresponding  acceptance  number  given  in 
col  3  of  Table  6,  otherwise  the  lot  shall  be  rejected. ' 


Lot  Size 

(1) 

Up 

to 

50 

51 

>> 

100 

101 

y> 

300 

301 

>y 

500 

501  and  above 

•Method*  for  rwidom  wmpliag. 
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BURCAU  Of  INDIAN  STANDARDS 

ManiOc  Bh«v«),  9  Biihttdur  Shiih  ZaffAT  Miirg,  NEW  DELHI1 1 0002 

T«l«phonM:  323  0131 ,  323  3375, 323  9402 

F«x:91  11  3234062,91  11  3239399,  91  11  3239382 

T«l9gr«ms :  Manaksanstha 

(Common  to  all  Officaa) 

C^niniLMbamioqr:  Talaphona 

PloC  No.  20/9,  sua  IV,  SaNbabad  Industrial  Araa,  Sah«>abad  201010  8-77  00  32 

CanMiManakBhavivi,  9  Bahadur  Shah  ZafarMarg,  NEW  DELH1 11 0002  323  7617 

*Eastom :  1/14  OT  Schama  VII M,  V.I.P.  Road.  Manlctola,  CALCUTTA  700054  337  86  62 

Northam :  SCO  335-336,  Sador  34-A,  CHANDIGARH  1 60022  60  38  43 

Southam :  C.I.T  Campus,  IV  Cross  Road,  CHENNAI 6001 13  235  23  1 5 

tWaslsm:Manakalaya,E9,  BahMMarol Talaphona E}0Qhanga,Andhart(Eas9,  8329295 
MUMBAI 400093 

Bnuteh  OfOem:: 

l^ushpak'.  Nurmohamad  Shaikh  Marg,  Khanpur.  AHMEOABAD  380001  550 1 3  48 

IPsanya  industrial  Araa,  1st  Stags,  Bangalora-Tumkur  Road,  839  49  55 
BANGALORE  560058 

Qmgoiri  Complax,  5th  Floor,  Bhadbhada  Road,  TT.  Nagar,  BHOPAL  462003  55  40  21 

Pk)t  No.  62-63,  Unit  VI,  Ganga  Nagar,  BHUBANESHWAR  751001  40  36  27 

Kalaikathir  Buidkigs,  670  Avinashi  Road,  COIMBATORE  641037  21  01  41 

Ptot  No.  43,  Sactor  16  A,  IMhura  Road,  FARIDABAD 121001  8-t8  88  01 

SavHri  Complax,  116  G.T.  Road.  GHAZIABAD  201001  8-l|§19  96 

53/5  Ward  No.29,  R.a  Barua  Road,  51h  By-lana,  GUWAHATI 781 003  54  1 1  37 

5-8-66C.  LN.  Gupta  Mmg,  Nampally  Statbn  Road,  HYDERABAD  500001  20 1 0  83 

E-52,  Chltarar4«i  Marg,  C-Sehama,  JAIPUR  302001  37  29  25 

1 17/418  B,  Siivodaya  Uwgm,  KANPUR  208005  21  68  76 

Sath  BhSMvan,   2rKf  Floor,  Bahlnd  Laala  Qnama,  Naval  Kishora  Road,  23  89  23 
LUCKNOW  226001 

NIT  BUIdlng,Saoond Floor, GokulpatMarkat,NAGPUR 440010  525171 

PadNputra  Industrial  Estala,PATNA  800013  262305 

InatNution  of  Enginaars  (India)  Bulding  1331^  Shivi^i  Nagar,  PUNE  411006  3236  35 

TC.  No.  14/1421*  Uhivanlly  P.  O.  PMnyam,  THIRUVANANTHAPURAM  696034  6  21  17 


^SaiiiOmoa  la  si  5  Chowfingbaa  Approach,  P.O.  PrinoapStraat,  271086 
CALCUTTA  700072 

tSiiaaOMoalaaftNQfvallyOhMibafs.  Gram  Road,  MUMBM  3096828 

|SidaaOf8oaia«tFBl9cl|^UnliyBuik«ng,N«^ashimaritsSquara,  22239  71 
BANGMjORB  880009 

lyiij ' >^)iti 

4i  Psiiitoipriph.  Nbw  Dslhi  (INIH^^ 


